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ABSTRACT 



A local area network is disclosed including apparatus 
and methods for transferring data between a plurality of 
data processing resources ("agents") coupled to a cable. 
In the preferred embodiment, a plurality of agents are 
coupled to a common cable for data transmission and 
reception. An agent newly coupled to the cable dynami- 
cally assigns itself a unique address on the cable to 
which other agents may send data. Once an agent has 
been assigned a final address, it may then transmit to, 
and receive data from, other agents on the cable. An 
agent desiring to send date to a receiving agent follows 
a three step handshake, wherein the sending agent trans- 
mits an "RTS" signal and within a predetermined time 
must receive a "CTS"signal from the receiving agent 
The sending agent then transmits a data frame within a 
predetermined time after the CTS signal is received. 
The failure to detect a return CTS signal within the 
predetermined time denotes a collision condition. Re- 
transmission is attempted using a linear back off method 
which is adjusted based on previous cable traffic his- 
tory. 

38 Claims, 15 Drawing Figures 
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For example, despite efforts 10 lower costs using VLSI 
LOCAL AREA NETWORK WITH CARRIER SENSE technology, a typical LAN node may represent a signif- 
COLLISION AVOIDANCE icant percentage of the total cost of a personal com- 

puter. Accordingly, in the personal computer market 
The present application has been filed concurrently 3 local area networks have been prohibitively expensive 
with, and is related to. U.S. patent application, Ser. No. to implement. In addition, most local area networks 
06/715 066. filed Mar. 21, 1985, and hereby refers to, utilize complex cabling techniques and require a system 
and incorporates by reference the contents of the administrator who is trained in the installation, updating 
above-referenced application. and maintainence of the LAN system. Moreover, many 

. „ .„,„«.. 10 local area networks utilize relatively complex protocols 

BACKGROUND OF THE INVENTION ^ j>msAt thc vark)us devices coupled to the LAN to 

1. Field of the Invention communicate under various conditions. 

The present invention relates to apparatus and meth- as will be described, the present invention provides a 

ods for transferring data between a source and a plural- jod area network for communication and resource 

hy of receiving data processing devices. More particu- 15 sharing among various computers, servers, disks, print- 

larly, the present invention relates to date transfer along eT% modems and other data processing devices. The 

a local area network between a plurality of data pro- present invention supports a wide variety of local area 

cessing and peripheral devices. network services, and permits communication to larger 

2. Art Background networks through the use of bridging devices. The 
In the computing industry, it is quite common to 20 present invention provides an economical, reliable, and 

transfer data and commands between a plurality of data mechanically simple local area network heretofore un- 
processing devices, such as for example, computers, kn 0wn m the prior art 

printers, memories and the like. The interconnection of «; IIMMAR y OF THE INVENTION 

computers and other peripheral devices principally SUMMARY OF THE IN vtiNiiuw 

developed in the early 1970*s with the advent of com- 25 A local area netW ork h disclosed including apparatus 
puter networking systems, which permitted the distn- >Rd methods for transferring data between a plurality of 
bution of access to computing resources beyond the daU proc essing resources ("agents") coupled to a cable, 
immediate proximity of a main frame computer. Jn thc p re f err ed embodiment, a plurality of agents are 

Networks, such as the ARPA Network, were devel- coupled to a common cable for data transmission and 
oped to provide access by various users to large time- 30 reception An agenl new j y coupled to the cable dynami- 
sharing systems and the transfer of data between such ^ assigns itself a unique address on the cable to 
systems. In the case of geographically local networks. whjch olher agents fMy xad ^^ ji^ asent generates 
so called "loc*l area networks" (LANs) were devel- ^ random number within a predetermined range, or 
oped to connect together a collection of computers, f e tr j e ves a previously stored initial number ("hint"), for 
terminals and peripherals located, typically in the same 35 ^ ^ a tentative address. The agent transmits an en- 
building or adjacent buildings, and permitted each of ^ (e N q) ove r the cable to the tentative ad- 
these devices to communicate among themselves or h ^ ^ d e, crrr ,i n e if the tentative address is currently 
with devices attached to other networks. Local area ^.^ ^ ^^ agenL lf m acknow iedge (ACK) 
networks permit the implementation of distributed cam- - j$ receivcd b thc ^^^g agc „t in response to the 
puting. In other words, some of the devices coupled to 40 * ^^ ^^ number b gen erated as a 
the local area network may be dedicated to perform ^ ^^ ^ additional ENQ signals are sent 
specific functions, such as file storage, data base man- ^^ nQ ACK sigM , ^ received> the sending 
agement. terminal handling, and so on. By havmg dif- ^^ u a fina , ^^ m 
ferent machines perform different tasks, distributed f* c _' * 
computing can make the implementation of the system 45 q ^ J • ^ m ^ ga itsc , f a flnaI address, it 

simpler and more efficient. h transmit to, and receive data from, other 
Local are. networks differ from ti.«r long-haul ecus- »■£ ™ n send ^ t0 a 
ms in a number of respects. A key difference* that the JgJJ '£ « £ M to * deterfflilie if the 
designers of long-haul networks, such as the ARPA «=« g s ^ 
network, are often forced by economic or lega Ueasons 50 ^J^^d^ondition is sensed. Once the cable 
to use the public telephone network, regardless of .« J^J™ idle> , he s^g agent waits a predeter- 
technical suitability. In contrast most k>cal area ne - m £f™ * p f * a randonl time before transmitting an 
works uulize their own high-bandw.dth cable to perrmt mmeoj pe p receivil)g agent . The sending agent 
datagram service between the various devices coupled J^^SJhStefor a "CTS" signal, which must 
to the LAN. The most common transmission media for 55 *en ™Sd " ^^^ agen ! to the sending 
carrier sense local area networks are co-anai .cMe. ^™™ preaeter^ed time (IFG) after the re- 
twisted pair «nd fiber optics. A variety of cable topolo- agent witmn a P'^f """} * . ' . VTOpcrXy 
gies are^ib.e. such as linear, spine, tree ring and c«p \£*f2jg%£^ IZSLZSTS* 
■esmented In add t on, local area networks do not receivea, tne senaing agem .'. ._„ ,. ft 

channel utilization to be push* significantly above the CTS s^ within ■ . FG ame P^od d«iotes ^coH. 

TuShlc^^ner^hold the promise of Z£2^»*^-™+*?£ 
distributed pressing and communication between 65 backoff method which ^^JiTiiilSi 
data processing devices, a number of factors have pre- before a re-transmission attempt b**d °" recent cable 
vented wider use and acceptance of local area net- traffic history. Accordingly, the present :»«»«» pro- 
worS such as ETHERNET (U.S. Pat. No. 4,063.220). vides a method of mmunmng collisions and permits 
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„y of agents coupled to the common cable. £££££^ which is coupled to the 

BRIEF DESCRIPTION OF THE DRAWINGS , gen , „,,] t o common cable 32 through connection 

nr - ;,,„„„,,- , loci area network adapted to 5 modules 34, connection modules 34, which in the pres- 

FIG. 1 illustrates a local area nerwur* ""i»«. „— r-md embodiment contain a passive coupling 

utilize the .things of the present mvenuon S&gS' mTtivY «7d ca^citive circuits, and are 

^FIG. 3 iHustrates the frame format utilized by the ,0 ™£g£^-&£Z£RZ£i 
present invention to ^^^^netw^ ' rfSS^SrfiSte agent In addition, conum, 

^t$£tt"££ZZ£S?£'<* . n^tKLf^^incJudesknowncircu^andlogic 
JtlSn-.^tr to the Mission of a ^ J^—^.^S^iSi - *3 
f ™G. 5 illustrates an enquiry (ENQ) frame utilized by generation , to tagod ng the <£"-»£* g£ 
te present invention during dynamic address assign- g .nj^d-ajW JS^TKS* - 
P> ctV « i« . flow chart illustrating the sequence of other logic comprising communication interface 29 will 
to the present invents dunng dynamic address «ss.gn ccmpnsm g^ ^ ^ ^ ^ appropriately tcrmm ,ted 
^G.Tdiagramn,.^^ toelim Resign .,£»*» ^P^-J^ 

TlGS K» 25*) « • now chart il.ustrating the U^^^^l^^s^ ££2 
sequence of operations of a sending device to ootam *£^*Z^~&** coupled to cable 

"raTfT. diagrammatical illustration of the trans- 30 32. a failure of an agent or » *»«*. module will not 

mo. y is a «'»s sendine device after disrupt communication over cable 32. 

mission of an RTS frame by a sending device aiier ^^ ^ descri bed, the present invention provides a 

invention's use of a scnal controller dev.ee couple to mumca ^ ^ ^ ^ ^ ^^ devices 

the local area network. „^„., r •»« utilizine orotocols and collision 

FIG. 11 illustrates the present invention's collision ^^^^^S^ and apparatus. The 

avoidance method including deference. !!««!»im,«,ti n n's architecture and protocols minimize 

RG. 12 illus,r=tes the collision and resolution mec^- ^™^~™ complexities com- 

nism of the present invention wherein two "RTS s,g- hand ^^ an ^ C s °™ f nd it hi / h spee d serial 

nals collide along the local area network 40 mon . pno ^ s ^ tcm ^ 3^ resen t invention 

FIGS. 13(a) and 13(6) are a flow chart illustrating the ^"^^^ Purees coupled to the net- 

generation of the random wait period R. SlchaTdata stored in local memories, or disk, and 

DETAILED DESCRIPTION OF THE the comm on use of global printers, without the neces- 

INVENTION 45 si ty of complex or active termination circuitry at the 

. . j- _j —v r -.M. »nd or the need to predefine addresses for each 

explanation, specific numbers, bytes, regis ers. ad- 50 cable v anc ^ speciflcations . 

dresses, times, signals, and [°™^V^,£ ™~ ^rr^nftoFIG ? datTk encoded and transmitted 

order to provide a thorough understanding of the pres- ™™g *° "° blocking technique known as 

en, invention. However, it will be apparent to one on cable 32 usmg ^f™™^ „;,%, typically 

skilled in the art that the present invention may be prac- ^^^^S'SSl contains a state transi- 

uced without thae specific details. In other instancy 55 434 m Y^e^b^Sng^ecessary timing infor- 

well known circuits and devices are shown in block **™^™£* p ™ ^J^ Mr « are encoded 

diagnun form in order not to obscure the present .nven- £»*«£ *SZf£Z£& transition at mid- 

tion unnecessarily. » . ^ ro crossmg s are detected for each 

Referring to FIG 1. the present ^^ «* ^^ScTsimitoriy. a logic al one is pre- 
clude a plurality of data processing devices ( DPD ) 60 *£J"£™~~L^ ^ by a iero-crossing transition 
identified generally by the numerals 25 through 28 as vried m a Pj^J" J* "^ „ the £ of p^ 
well as peripheral devices such « Pn»ter30 (or oAer e*«» «■*£"£**,,, „ ^ by ^ daU 

^&^£Si^ZG3^ S?s« r 4rmit ^ e preseB ' i " ven,ion to oper * 

S^pStl and 'peroral **»«%£ « ^£2?.^?^ the oresent invention uti- 
coupled to the present invention's local I area network R^^ c u ^it of <teu transmission known as a 

ZZ^ZXZtt^SZKZ !^„:^ C Frame3.inc.udes.preamb,econs,tin g of 
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two or more synchronization (-(lag" bytes 38 and 40. In time, of the signal T,D onto cable 32, thus ensuring at 

the presently preferred embodiment, each synchroniza- least one zero crossing m the synchromzation pulse 56. 

tion byte comprises the bits 01 11 1 1 10. As is known. In addition, the detect.cn of synchroniza , on (flag) b.U 

synchronization bytes 38 and 40 permit receiving data (i.e.. 38 and 40) clears the "hunt b. M,n the Z8530 dc- 

processing unit coupled to cable 32 to synchronize their 5 vux, and permits each agent coupled to cable 32 to 

receiving circuits, and to receive necessary clock infor- more efficiently detect whether or not cable 32 is cur- 

mation (Through the use of FM-0 encoding). Following renlly in use prior to the transmission of a '«>»£«" 

synchronization bytes 38 and 40 is an eight-bit destina- as providing the necessary synchromzation bits to allow 

tion address 41 which specifies the address of the data the recei v,ng agent to clock itself to the mcommg data 

processing agent for which the frame is intended. A 10 frame. It will be appreciated that although the present 

Sf addrefs 42 comprises an eight-bit address of the invention currently uses a Z8530 SCC device for de- 

data processing agent transmitting the frame of informa- tecting missing clock cycles and synchronization bytes, 

tion. A "type" field 45 is provided to specify the type of that other circuitry may equally be used for the same 

frame which is transmitted through the use of various function. 

codes. For example, type field 45 may designate an 13 Each agent coupled to cable 32 is «d«"ified bv » 

acknowledge (ACK) frame, an enquiry (ENQ) frame, unique binary address along the cable. One feature of 

as well as an RTS and CTS frame, which will be de- the present invention is that an agent coupled to cable 

scribed more fully below. The type field is followed by 32 does not require a predefined permanent address, 

a multi-byte data field (possibly of zero length) which Thus, for example, device 27 may be removed from 

may contain raw dataTmessages, and the like to be 20 cable 32 and then recoupled to another cable at a diffcr- 

transmitted between the agents coupled to cable 32. ent location without need to <»nf.gure an address 

Following the data field 48 is a 16-bit frame check se- When an agent is newly coupled to cable 32, a unique 

quence which is computed as a function of the contents protocol is followed such that an address is dy™™*^ 

of the source address, destination address, type and data generated and assigned by the agent itself. In the pres- 

fields. In the present embodiment, the frame check 25 entiy preferred embodiment, the address of each agen 

sequence (FCS) is defined using the standard CRC- is identified using an eight bit identifier (where no agent 

CCITT polynomial. The frame check sequence 50 is may have a zero "Idress or an address of 255) 

followed by an eight-bit synchronization ("flag') trailer Referring o.icuy to F.o. 6, .nc s=q««=* 0, . 0pe . "T 

52 (consistine of the logical bits 01 1 1 1 1 10). and an abort tions which an agent utilizes in order to determine and 

sequence 53 which consists of eleven or more ones in a 30 assign itself an address is illustrated. It is apparent that 

row Abort sequence 53 is used to delineate the end of to prevent disrupted service no agent may acquire the 

the frame 36 to agents coupled to cable 32. Frame 36, as same address as an already .unct.on.ng agent. In prac- 

will be described is transmuted along line 32 in a serial tice, the address of agems may be allocated between 

synchronous fashion using a handshake sequence of general data processing devices and servers wh ch 

control frames, which are in turn followed by the data 35 may compnse main frame or ° th £ ^ hln f In J £ 

freme 36 illustrated in FIG. 3. present embodiment, addresses 1 throug J" are allo- 

As shown in FIG. 4, prior to the transmission of a cated for general purpose agents, and ****** "8 

frame, a transmitting agent coupled to cable 32 trans- through 254 are allocated for use by server* to _shown 

mT. synchronization pulse 56 which, is followed by an in FIG. 6, upon beuig coupled to cable 32, each _ agent 

idle period greyer th an two bit times and less than 10 40 either generates an arbitrary random number within a 

5 t£es. p£c 56 may comprise any signal containing predefined range or obtains a starung "J^from 

a zero crossing. In the present embodiment, as illus- some long term, non-volatile memory /°i_ "ample- 

trated in FIG 10. each agent coupled to cable 32 utilizes read-only-memory or magnetic medium) referred to as 

rSg S?30 s££ serial communication controller . "hint". This random number (or "hmt") is treats a 

clup 79, accessing cable 32 through a line driver 80 and 45 "tentative" address, and the agent then transmits an 

?Ym*£££ tl (See, Ziloi Technical Manual. enquiry (ENQ) frame which utilizes the tentative ad- 

Z8030/Z8530 SCC Seruu Communications Controller. dress as a destination address Jhe «^ '"^"!* 

January 1983 ) The Z8530 SCC device 79 includes mined is of the form illustrated in FIG. 5. and includes 

cS which seich« for synchronization (flag) bits an initial pulse V^^S^^T* 

when in a "hunt" mode. As previously discussed, the 50 pnor to the synchronization (flag) bytes 38 and 40, 

present invention utilizes a synchronization (flag) byte previously described w "h reference to nttlTte 

having the bit state? 01 1 1 1 1 10. In addition, the serial destination address 41 of FIG. 5 as well as the M>urce 

Smmlnication controHer chip has the capability of address 42, contains ^ ^T^SJiSSi 

detecting a missing clock cycle, and setting a missing randomly or through the hint. It will be noted that the 

S3K within the device if following a*given zero 55 type field 45 in FIG. 5 con^ns •«««*£** 

crossing, a predefined period (greater than 1 bit time) identifies the frame of FIG S ^ « «W (EN© 

elaDses without a successive zero crossing of the incom- frame for use in address assignment. This ENQ frame is 

fnt^nal R D ^^^ transmitted over cable 32. In the event another agent 

T^fpulse'56 provided by a twnsmitting agent cou- has previously been assigned the tentative address the 
pled to «ble 32 will be taken as a clock by all receiving 60 agent already using the tentative address reives the 

a«*£ However, since it is followed by an idle period ENQ frame, and in response transmits an acknowledge 

gre?.« tS two bit times, a missing clock is dented frame (ACK) back to the tr»n,m.ttmg agent In pro 

STthe missing clock bit is set in the SCC device 79 of tice. ^Z^%1r^l^^lT^^ 

each agent connected to cable 32. thereby notifying frame disclosed in FIG. 5, except that the type Mbyte 
agents that cable 32 is in use. In the preferred embodi- 65 contains a binary code identifying the packet as an 

ment, the synchronization pulse 56 is obtained by mo- ACK. 

Sentarily enabling the line driver 80 for at least one bit As illustrated.. , FIG. 6, in the event that an ACK 

time. This causes transmission, for the pulse duration frame is received by the transmitting agent, that agent 
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r ^°° M ..cnTKecn assigned . final address, it 15 saW as the ENQ frame illustrated in FIG. 5 however 

■SS "«2SiS?KS?M««» eo-P" " the type fielc .contains a ***** J?ffiX£ 

SSL STSi a handshake protocol and collision frame as an RTS rather than an ENCT r™* ™? »££ 

"o dance mechanism described below. Referring to *^«^"^f^t£^^ 

m^c i ai^i RfA\ and 9 communication between nutting agent, transmits a lis irame oai.« «"•* 

^^ JSAiSS^.-™^ » original «— fttff^^crTEMS 

the frames witnm a singie transmission U-aJOguc; must «»™ „f,i„. „*.-;„. nf the CTS frame In the 

follow one another within . maximum bterframe gap withm one *<?£%£"*«£ oVdaS.edoes 

chan of FIGS. 8«).and 8<£ .. .sending age* pnor to hne «1 wjj f ^^ «^ to . &£„. ad- 

^T^i^^^i^.X^ 2£<s»5. \r 3 f the'irantssir„l; 

torfware. has detected a synchronization (flag) byte 40 casts along cable 3* g^^S^SntSS 

«* to HGS . « ). T» tat »d wj. °^«™°"; "J'^StSSrit, <» ftWri » tke «t du .1* 
of which the flag detect ( hunt bit ) is checked to see 11 arc e Uk , ( ically during the 

generated (the details regarding the generation of R will ™ a ""ision h " ££5 frame exchange, and thereby 
be discussed below). As shown,.the random wait opera- complete RTS an CI S trame exenange 
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prevent a proper handshake from occurring. Normally, 
if an agent desiring to transmit data on cable 32 senses 
that the cable is currently in use, it defers the transmis- 
sion of its own RTS until the cable is idle (see FIGS. 11 

and 12 > * ..,,.„ .. 

Referring now to F,GS. 9, 13(a) and 13(6), the se- 
quence of operations executed by the present invention 
to obtain the value of random wait number R (as previ- 
ously discussed with reference to FIG. 8) will be de- 
scribed in detail. As will be appreciated, the present 
invention dynamically modifies the random wait num- 
ber R in response to receat cable traffic history. The 
method utilized by the present invention presumes that 
if collisions have been assumed for recently sent data 
frames, the cable 32 is currently the subject of heavy 15 
loading and high bus contention. A random waiting 
period R prior to retransmission attempt spreads out in 
time bus access for the various agents contending for 
cab<e use. Accoidingly, the operations illustrated in 
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which denote the number of collisions and deferrals for 
the particular message to be sent are also set equal to 0. 
Moreover, as shown in FIG. 13, the value of L is then 
set equal to the value of G. 

Prior to beginning the front end wait sequence dis- 
closed in FIG. 8(a), the present invention determines 
whether or not a flag detect (i.e. flag byte) has been 
detected along cable 32. In the event that no flag byte 
has been detected, the present invention then executes 
the sequence of operations illustrated in FIG. 8(a) for 
the front end waiting period. Subsequent to the fixed 
front end wait sequence, the present invention generates 
a random number "r" within a predetermined range, 
and then calculates the value of "R" by logically 
**AND"ing the value of r with the previously deter- 
mined value of L (local mask variable). Once the value 
of R is determined, the present invention then follows 
the random wait cycle illustrated in FIG. 8(b), and upon 
completion of the random waiting period, transmits the 
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FIGS. 13(a) and (6) are executed to generate and adjust 20 RTS {nmc ^ shown in FIG. 13(6). 
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the random wait number R utilized in accordance with 
the sequence of operations set forth in FIGS. 8(a) and 
(6). In the present invention, eight bit shift registers are 
provided in order to keep track cf collision and deferral 
histories for each agent ccapled to cable 32. For pur- 
poses of this Specification, the variable "C" denotes an 
eight bit shift register which is utilized to keep track of 
the collision history for the last eight data messages 
which an agent has attempted to send, and a variable 
*'D" which denotes an eight bit shift register represent- 30 
ing the deferral history for the last eight messages 
which have been attempted to be sent. As previously 
discussed, a collision is presumed if the RTS-CTS frame 
handshake protocol fails to occur within the IFG per- 
iod, and a deferral is deemed to occur if an agent, prior 35 
to transmitting a message, detects a flag byte or syn- 
chronization pulse 56 thereby indicating that the cable 
is in use A variable "G" is defined as a four bit global 
mask which represents a number signifying a modifica- 
tion factor representative of all previous messages 40 
which the the agent has attempted to transmit. A vari- 
able "L" is defined as a local mask which is representa- 
tive of attempts to transmit the current message by an 
agent coupled to cable 32. In addition, Ncis defined as 
the number of collisions which have been assumed for a 
particular data packet, and Nj> is defined as the number 
of deferra'* which have occurred prior to the transmis- 
sion of the ourrent data packet. 

As illustrated best in FIGS. 13(e) and (b) prior to the 
transmiwion of a new data packet, the variable G is 
adjusted, as follows: 

If the: number cf bits set (i.e. equal to 1) in the eight bit 
register *C" is greater than 2, then all bits in the four bit 
shift register defining "G" are shifted to the left [least 



If the CTS frame is received by the sending agent 
within the IFG period, as previously discussed, then the 
data frame is transmitted, and the message dialogue has 
been completed. If, on the other hand, a flag is detected 
prior to the beginning of the front end wait sequence, a 
deferral adjustment is provided wherein Do (the LSB of 
register D) is set to 1 and Lois set to 1. In addition, the 
deferral adjustment includes the setting of No equal to 
Nd+ 1- The flag detect (hunt bit) is once again checked. 
As shown in FIG. 13, this deferral adjustment occurs in 
cases where it is determined that the line is busy prior to 
transmission. 

In the event the RTS/CTS handshake is not success- 
ful, then a collision is presumed and a coll >ion adjust- 
ment occurs. Co is set equal to 1 and the value of L is 
shifted left (LSB to MSB) one bit. In addition, Lo «s set 
equal to 1 and Ncis set equal to Nc+ 1. as illustrated in 
HO. 13(b). 

It has been found that the utilization of the steps 
illustrated in FIG. 13 dynamically adjust the randomly 
generated value of r such that the period of time (in 100 
microsecond increments) which an agent waits in addi- 
tion to the front end waiting period prior to attempting 
4« a transmission is modified in accordance with recent 
cable traffic history. This modification of the random 
waiting period significantly increases the probability of 
a successful RTS/CTS frame exchange, and thereby 
avoids collisions along cable 32. 

Accordingly, apparatus and methods have been dis- 
closed having particular utility when used in conjunc- 
tion with a local area network. The present invention 
provides a network which permits any agent to be cou- 
pled to the cable at any point, and assign itself a unique 
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shift register defining "G" are shifted to «« te" li«* Edw, £ addition, the present invention's novel colli- 
significant bit (LSB) toward most s.gn.f.can bit (MSB 55 ^™*JV£ ott L oc J ttdlMia the probability of 



one bit. In addition, Go (the least significant bit of four 
bit shift register G) is set to 1 and the eight bits compris- 
ing C are set to 0. 

If the number of bits set in the eight bit register C" 
is less than or equal to 2, then D is examined, and if the 60 
number of bits set in "D" is less than 2, then the present 
invention shifts the contents of G right (MSB toward 
LSB) one bit; sets G 3 (MSB of G) equal to and sets the 

^SESSSLa. the present invention then 65 catTon^ m.7 be=£j» «2SKS rftt 

shifts the contents of registers D and C left one bit without departing from the spirit and scope of the 

(toward MSB) and sets the least significant bit (LSB) of vention as disclosed above. 

C and D equal to 0. Similarly, variables N C and N D We claim: 



rion avoidance protocol minimizes the probability ot 
collisions occurring on the cable, and if a collision oc- 
curs, provides a greater probability of success for subse- 
quent re-transmissions. . 

Although the present invention has been described 
particularly with reference to FIGS. 1-13, it will be 
apparent to one skilled in the art that the present inven- 
tion has utility far exceeding that disclosed in the Fig- 
ures. It is contemplated that many changes and modifi- 
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1. A communication medium for transferring datt 
between a plurality of data processing devices 
(••agents") including a sending agent and a receiving 
agent, comprising: 

sensing means coupled to said sending agent tor 3 
therein if said medium is currently carrying data of 
another agent and is thereby in use; 

timing means coupled to said sending agent for timing 
a first predetermined waiting period once said me- 
dium is idle and available for use; 

first random number generating means coupled to 
said sending agent for generating a random number 
within a predefined range corresponding to a sec- 
ond waiting period prior to transmittng data on ^ 
said communication medium to said receiving 
agent; 

first signal generation means coupled to said sending 
agent for generating a first signal and transmitting 
said signal to said receiving agent; ^ 

signal receiving means coupled to said sending agent 
for receiving a signal transmitted from said receiv- 
ing agent to said sending agent within a second 
predetermined time (IFG) after said sending agent 
has transmitted said first signal; 2 5 

data transmission means coupled to said sending 
agent for transmitting data to said receiving agent 
within said IFG time after receiving said signal 
from said receiving agent; 

whereby data is transferred between said sending and w 
receiving agents coupled to said communication 
medium. 

2. The communication system as defined by claim 1, 
further including collision assumption means coupled to 
said sending agent for producing a collision signal in the 35 
absence of the receipt of said signal from said receiving 
agent by said signal receiving means within said IFG 

time. 

3. The communication system as defined by claim 2, 
wherein said random number (R) is generated by said 40 
random number generating means such that: 

R-rAL 



predefined bit sequence and a type field containing an 
RTS byte. . 

8. The communication system as defined by claim 7, 
wherein said sensing means includes means for sensing 
said flag byte, the sensing of said flag bytes denoting 
that said medium is in use. 

9. The communication system as defined by claim 8, 
wherein said signal received from said receiving agent 
by said receiving means comprises a CTS frame includ- 
ing at least one synchronization flag byte and a type 
field containing a CTS byte. 

10. The communication system as defined by claim 9, 
wherein said date transmitted by said sending agent is in 
the form of a data frame including a plurality of datt 
bytes preceded by at least one synchronization flag 
byte, a destination address and a source address byte. 

11. The communication system as defined by claim 

10, wherein said data frame further includes a frame 
check sequence (FCS) and an abort sequence of bits 
following said plurality of data bytes. 

12. The communication system as defined by claim 

11, wherein said IFG time is generally 200 microsec- 
onds. 

13. The communication system as defined by claim 

12, wherein said sensing means includes a Z8530 SCC 
serial communication controller device. 

14. The communication system as defined by claim 
11, wherein said communication medium comprises a 
twisted pair cable. 

15. The communication system as defined by claim 
14, wherein said twisted pair cable is terminated by 100 
Ohm resistors. 

16. The communication system as defined by claim 
11, wherein said data transfers on said communication 
medium are separated by a third predetermined time 

17. The communication system as defined by claim 

16, wherein said third predetermined time is generally 
400 microseconds. 

18. The communication system as defined by claim 

17, wherein said signals are transmitted on said commu- 



niwSticn its- ■— 
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where: 45 

r=a random number within said predefined range; 
A denotes a logical AND operation; 
L=a Local variable representative of the collision 
and deferral history of said sending agent for said 
data to be sent. SO 

4. The communication system as defined by claim 3, 
further including a global mask variable G which is 
representative of the collision and deferral history of 
said sending agent for all previous data transferred, said 
variable G being adjusted prior to the initiation of each $5 
new data transfer. 

5. The communication system as defined by claim 2, 
wherein said sensing means includes pulse detection 
means for detecting a synchronization pulse on said 
communication medium, said synchronization pulse 60 
preceeding other signals transmitted by agents coupled 

to said communication medium. 

6. The communication system as defined by claim 5, 
wherein said synchronization pulse proceeds said other 
signal! by at least 2 bit times. a 

7. The communication system as defined by claim 5, 
wherein said first signal comprises an RTS frame in- 
cluding at least one sychronization flag byte having a 



19 A method for transferring datt on a datt commu- 
nication medium between a plurality of data processing 
devices ("agents"), including a sending agent and a 
receiving agent, comprising the steps of: 

sensing said medium to determine if said medium is 
currently carrying data of another agent «:d is 
thereby in use; 

waiting a first predetermined time after sensing that 
said medium is idle and available for use; 

generating a random number within a predefined 
range corresponding to an additional waiting time 
prior to transmitting data on said communication 
medium to said receiving agent; 

transmitting a first signal to said receiving agent cou- 
pled to said communication medium; 

receiving a signal transmitted from said receiving 
agent to said sending agent within a second prede- 
termined time (IFG) after said sending agent has 
transmitted said first signal; 

transmitting data to said receiving agent within said 
IFG time after receiving said signal from said re- 
ceiving agent; 

whereby datt is transferred between said sending and 
receiving agents coupled to said communication 
medium. 
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20. The method as defined by claim 19, further in- (b) Lo=^ 

•*•_■ -j icr .;«,» transmit said data, 

agent within said IFG time _ f transferring data as defined by 

21. The method as defined by ^claim 20 whewr «d » sajd .^^ detectjng , 
step of generating a random number ■&) tor said add, cm • on comxnunication mcdium , 
tionol waiting time includes the calculation. sync synchroniza P tion pulse preceeding ot her signals- 

transmitted by agents coupled to said bus. 
10 29. The method for transferring data as defined by 
claim 28, wherein said synchronization pulse preceeds 

W r ta random number within said predetermined said other signals by at least 2 bit times. 
r=a ranaora uuu r ^ .^ method for transfernng data as defined by 

a !f"^L « i^™i A NTT) oneration- claim 28, wherein said first signal comprises a RTS 

L-alcS tarifbtr^nKofthe collision and „ frame including a, least one synchronization flag byte 

d'fcS E£j offending agent for said data having a predefmed bit sequence and a type field con- 

r«k*««,t taining an RTS byte. 

22 The me hod as defined by claim 21, wherein said 31. The method for transferring data ^ defined by 
a „*Z ^J~nrtin» sten includes- claim 30, wherein said sensing step senses said flag byte, 

^global mS S G wSich ^representative of 20 the sensing of said flag byte denoting that said medium 

liSSpSSS JSEiS vtriS * SFL method as defined by Cairn 31. wherein said 
C fSn!^™ c^or to the initiation of each new signal received from said iece.v-.ng agent cornpnses a 
o oeing aajusicu P m«. c ^ s ^^ including at least one synchronization flag 

23 TOe^method as defined by claim 22, wherein G is 25 byte and a type field containing « CTS byte_ 
JnnrELdrf^ bit and variable* C and D are defined 33. The method as defined by claim 32, wherein said 
compnsed of 4 bas^var«m«^ a^ transmitted by said sending agent is in the form of 

most significant bit (MSB), <"£ ^ ^^ defined by c i a im 35, wherein said 

,1 **! nr v,«-n data transfers on said communication medium are sepa- 

D is less than 2 then: "* , .. 

. >,i.l!,. ,ff,.,. -t.:«v-j m- hit toward the least using FM-0 encoding. 

t») t..c ■ b.u of G -r. s.-rfd o.i- hit towa.a * processing device coupled to a communi- 

significa.,. bit (LSB); ^.^ ^.^ hayjng g nufnber of Mher dcvices cou- 

(b) set U 3 =u; 4J tkereto> the devices each responding to an address, 

"7tf wfSTJ'S; * * frl^ty .hVX, device copied » .be ***m u, 

Stf"' _,, first tentative address on the medium and, if no other 

(d)Nc=Nc+l. , .: j, „„;„„;„„ the tontativ? zddress as its 

where Nc= number of collis.or, for pnor attempts to J^T^^S ^respond transmitting 

~i M mettdasdef,nedbyc.aim26. whereininthe other tentative £^^3^ Vta SSSi" " 
event of a deferral, D is adjusted such that: 55 and ass.gn.ng that tentative addicts as its address. 

(a)Do=l; 
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